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些缺点：如焦散线上能量无限大及存在声影区。M. B. Porter 等人通过对常规
射线附加高斯强度剖面的方法，成功地解决了射线理论在声影区与焦散区声
场的计算困难。本文进行的浅海水声信道传播特性的仿真研究采用基于高斯












































                    Abstract 
 
Research on the characteristics of shallow water acoustic channel is an essential 
issue in underwater acoustic communication. Absorption of sound energy in the 
ocean medium and spreading of wave front cause signal fading, scattering and 
reflection of sound wave from the surface and the bottom of the sea result in 
severe multipath propagation, and the complex ocean medium and the ambient 
noise lead to signal distortion. The inherent space-time-frequency variability in 
underwater acoustic channel is a great challenge to the underwater acoustic 
communication. Knowledge of the features of underwater acoustic channel can 
make the communication system matched well with ocean acoustic channel, and 
improve the performance of underwater acoustic communication system. 
 
Modeling the acoustic field with proper sound propagation model is necessary for 
the research on sound propagation in the sea. Ray theory model is one of the 
widely used sound propagation models, which is simple, intuitive and suitable for 
high frequency signals. Yet, the conventional ray theory model produces certain 
artifacts such as perfect shadows and infinitely high energy at caustics. M. B. 
Porter developed a method that associated with each ray a beam with a Gaussian 
intensity profile normal to the ray, and the method is free of perfect shadows and 
infinitely high energy at castics. This paper applied BELLHOP model which is 
















基于 BELLHOP 射线模型的浅海水声信道传播特性研究 
Based on the representative environmental parameters and sound speed profiles 
that were measured in Taiwan strait, this paper employed BELLHOP model to 
simulate the behaviors of underwater acoustic transmission under the flat and the 
fluctuation ocean bottom conditions, and presents the searching of eigenrays and 
corresponding information. This paper also presents some calculations of the 
acoustic transmission loss under different transmission range and source 
frequency, and studies the relationship between transmission loss and the depth of 
the receiver. The simulation results show that the shallow water acoustic channel 
is concerned with environmental parameters, and exists serious frequency and 
space selective fading. The simulation results have good agreement with 
theoretical predictions and some at-sea trial results. 
 
Research on the characteristics of underwater acoustic channel is the basis of 
underwater acoustic communication system design. The method and initial results 
in this paper can provide valuable reference for the design and performance 
evaluation for underwater acoustic communication system and all kinds of 
acoustic test research in similar sea area.  
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第一章  绪论 


















唯一选择。一个有代表性的遥测系统[2]在 20 kHz -30 kHz的带宽中使用了
MFSK调制， 大传输速率 5 kbit/s，已经成功应用于距离为 4 km的浅海水平






















水声信道中。一个有代表性的系统[3]工作在 1 MHz的载波频率，传输距离 60 
m，而获得的数据速率高达 500 kbps，用于与执行水下平台维护的水下机器
人的通信。当前日本研制的用于深海垂直信道的图像传输系统[4]代表了相干
调制系统当前的技术发展状况，它采用 4-DPSK调制，载波频率 20 kHz，在
工作信道为 6500 m的深海垂直信道中获得了 16 kbps的速率。 
国外很多国家已开始利用水声Modem初步组建水下通信网络。美国海军
Space and Naval Warfare Systems Center，San Diego 与Benthos、Delphi 
Communications System Inc. 组建的Seaweb(海洋万维网)，分别于 2000 年在
麻省的Buzzards Bay；2001 年在San Diego；2002 年在Hawii进行了实验[5]。欧
盟（主要是英国、法国、荷兰、意大利等）已经实施的海洋网络组建的相关
计划有：ROBLINK(Long Range Shallow Water Robust Acoustic Communication 
Links)[6] ， LOTUS(Long Range Telemetry in Ultra-Shallow Channels)[7] ，
SWAN(Shallow Water Acoustic Network)[8]，ACME(Acoustic Communication 





















第一章  绪论 
表 1.1 水声信道与无线电信道的比较 
 浅海水声信道 雷达无线电信道 CDMA 无线信道 
载波频率fc   5kHz～50kHz 1～10GHz 824～894MHz 
波速 c 1500m/s 3×108m/s 3×108m/s 
波长 λ 0.03m~0.3m 0.03m~0.3m 0.3m 








1kbps - 1.2～9.6kbps 
接收机移动速
度vd (m/s) 
±15 ±500 ±50 
多普勒频移
fd=vd/λ 
50Hz 16000Hz 160Hz 
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差别更大，如 1997 年 5 月在厦门港浅海域的实验[12]中，传输距离为 10km
时，在 15kHz与 21kHz之间声波的幅度衰减约相差 15 dB。浅海水声信
道中的声传播损失和海水的吸收损失极大的限制了水声通信系统的带
宽和数据的传输距离，因此进行远距离传输必须采用较低的工作频率。 


































声传播模拟技术研究的 新进展进行了总结[14]。从 1978 年开始至 1996 年，
美国海军实验室每隔三年就对水声传播模拟领域的技术进展进行记录[15-21]。
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